Abstract-We analyzed streambed sediment and fish tissue (Cottus sp.) at 30 sites in the Puget Sound and Willamette basins in Washington and Oregon, USA, respectively, for organochlorine pesticides and polychlorinated biphenyls (PCBs). The study was designed to determine the concentrations of organochlorine pesticides and PCBs in fish tissue and sediment by land use within these basins and to develop an empirical relation between land use and the probability of detecting these compounds in fish tissue or sediment. We identified 14 organochlorines in fish tissue and sediment; three compounds were unique to either fish tissue or sediment samples. The highest number of organochlorines detected in both fish tissue and streambed sediment was at those sites located in watersheds dominated by urban land uses. Using logistic regression, we found a significant relation between percentage agriculture and urban land use and organochlorines in fish tissue. The results of this study indicate that organochlorine pesticides and PCBs are still found in fish tissues and bed sediments in these two basins. In addition, we produced statistically significant models capable of predicting the probability of detecting specific organochlorines in fish on the basis of land use. Although the presented models are specific to the two study basins, the modeling approach could be applied to other basins as well.
INTRODUCTION
As part of the U.S. Geological Survey's National Water Quality Assessment (NAWQA) Program, organochlorine compounds and total polychlorinated biphenyls (PCBs) in the tissues of freshwater stream biota and in surficial streambed sediment are characterized across large hydrologic study areas or basins. Within a basin, sampling sites are located in streams that represent specific land uses. Prior to the NAWQA Program, studies designed to evaluate the impact of land use on organochlorine pesticides and total PCBs in tissues and sediment were often at a small spatial scale [1, 2] and usually focused on a single land use or land practice. To date, only a few studies have examined the relation between large-scale land use practices and the presence of these compounds in biota and streambed sediment [3, 4] . Furthermore, we are unaware of any studies that have developed models relating the presence or absence of organochlorine pesticides or total PCBs in biota or streambed sediment to land use at a regional level. The availability of such models would be valuable in planning future studies. In addition, models of this type would help managers identify those stream systems having the highest probability of organochlorines in aquatic biota or sediment. These models might also identify land use thresholds, that is, the land use percentage at which a particular contaminant has a statistically low or high probability of occurring in either fish tissue or sediment. Land use thresholds and their importance in impacting biological systems have been identified previously in the literature [4] [5] [6] . If the presence of organochlorines in fish tissue or streambed sediment can be fit to an S-shaped curve or follows a nonlinear functional response in relation to land use, thresholds can be identified that may be less subjective in their interpretation than linear relations and that may facilitate management decisions.
Historically, organochlorines were used as pesticides in agricultural and urban settings, whereas PCBs were used in a number of industrial and commercial applications. Because of their resistance to degradation, susceptibility to large-scale transport, and extreme lipophilicity, the use and production of these compounds have been discontinued [7] . The abundance and persistence of organochlorine pesticides and PCBs in the environment are well established [8, 9] . In addition, these compounds have been shown to have deleterious effects on aquatic and terrestrial organisms [10, 11] . Although these compounds are often at nonlethal levels based on laboratory bioassays and in some cases below current body burden guidelines, they may still pose a biological risk at low concentrations. It has been shown that pesticide levels in the muscle tissues of aquatic organisms are directly correlated with levels found in their developing eggs [12] . Although the linkage between body burdens of organochlorines and PCBs and biological effects is not fully understood, body burdens are a measure of exposure. Recent evidence suggests that reproductive and developmental processes may be disrupted when organisms are exposed to nonlethal or low levels of organochlorine pesticides and PCBs [13] [14] [15] [16] [17] . As evidence accumulates on the biological consequences of exposure to low levels of pesticides, the need for methods capable of identifying aquatic populations at risk grows.
The presence of organochlorine pesticides and PCBs in the waters, fish tissue, and sediments of the Willamette basin of western Oregon is well established [18] , whereas organochlorine and PCB conditions in the streams of the Puget Sound basin of western Washington are less well known [19] . Both the Willamette and the Puget Sound basins are being inves- Table 1. tigated as part of the NAWQA Program, and both are well known for their aquatic resources. However, the status of these resources is in jeopardy because of numerous anthropogenic and natural factors [18, 19] . One such factor may be the presence of organochlorine pesticides and PCBs in the environment.
This study was designed to evaluate the occurrence and distribution of organochlorine pesticides and PCBs in fish tissue and bed sediment and their relation to land use in the Puget Sound and Willamette basins. In addition, using logistic regression, we identified those land use types most significantly correlated with the presence of these compounds in fish tissue and sediment. Finally, we used one of the logistic regression models developed in this study to evaluate the probability of detecting a specific organochlorine in fish tissue at a number sites throughout the Puget Sound basin.
DESCRIPTION OF STUDY AREA
The study area covers more than 35,000 km 2 of the Puget Sound basin within Washington and 31,000 km 2 of the Willamette basin within Oregon (Fig. 1) . Fourteen watersheds drain 70% of the Puget Sound basin, and two watersheds, the Willamette and Sandy Rivers, drain the Willamette basin. Both the Puget Sound and Willamette basins are delimited by the Coast Range Ecoregion to the west [20] . Elevations in this ecoregion range from sea level to more than 600 m, with peaks of more than 1,200 m. Average annual precipitation ranges from 140 to 510 cm, most of which falls during the winter [18, 19] . The eastern boundary of both study basins is wholly or partly composed of the Cascade Ecoregion [20] , which ranges from near sea level to more than 3,000 m and includes a number of glacially covered volcanoes. Precipitation within this ecoregion ranges from 125 to 250 cm. The North Cascade Ecoregion also borders the Puget Sound basin on the northeast boundary. The North Cascade Ecoregion is similar to the Cascade Ecoregion but has less volcanic activity and is dominated by large topographic variations. The lowlands of the Puget Sound and Willamette basins are composed of the Puget Lowland and Willamette Valley Ecoregions, respectively. These low-lying ecoregions are filled with sediment, mainly of glacial, alluvial, and lacustrine origin. Precipitation in these two lowland ecoregions ranges from 35 to 125 cm annually.
Three land use or land cover types dominate both basins: urban, forest, and agriculture. A forest land cover dominates (78%) the Puget Sound basin. Part of this land cover is within state, federal, and private forestry operations, and the remainder is either wilderness or national park lands. Forest land cover is found mainly within the Coast, Cascade, and North Cascade Ecoregions. About 8% of the basin is urban, and 6% is agriculture; these land uses are found mainly within the Puget Lowland Ecoregion adjacent to the Puget Sound (Fig.  1) . However, rapid population growth in the basin is resulting in an increase in urban land use and a reduction in agricultural and forestry land uses [21] . The remaining land cover within the Puget Sound basin is composed of wetlands, rangeland, barren outcrops, and glaciers. Land use and land covers in the Willamette basin are similar to the Puget Sound basin. A forest land cover distributed between private and public ownership dominates about 70% of the Willamette basin. Agriculture represents 22% of the basin, and urban land use accounts for 6%. As in the Puget Sound basin, urban land use is increasing rapidly, whereas agricultural and forestry land uses are declining. The remainder of the basin is composed of wetlands, rocky outcrops, and snow and ice.
MATERIALS AND METHODS

Site selection and land use characterization
We collected fish tissue samples and surficial streambed sediments at 30 sites located throughout the Puget Sound and Willamette basins (Fig. 1) . Sampling site locations were chosen to represent dominant land use types found throughout both basins. Land use was determined using the Anderson Level II classification scheme from the U.S. Geological Survey 1:250,000-scale digital land use and land cover data set stored in the Geographic Information Retrieval and Analysis System [22] . Some urban areas were updated on the basis of 1990 census data [23] . We recorded the percentage land use in four land use categories for the basins upstream of each sampling site (Table 1) . Each site was assigned to one of five summary land use categories on the basis of the percentage of each land use category within the basins. Two sites that had two land use percentages within 35 to 45% were identified as mixed land use. Two sites, Rock Creek at Cedar Falls and the North Fork Skokomish River, were characterized as reference sites. These two sites are located within a protected watershed and the Olympic National Park, respectively. The approach used in this study to assign sites to a summary land use category differs from that used in other ongoing studies in the Puget Sound basin [24] . MacCoy and Black [24] summarized land use on the basis of conditions adjacent to a sampling site rather than on the percentage land use throughout a basin. However, only three sites were categorized differently than those used in MacCoy and Black [24] .
Field collection
To evaluate the presence and levels of organic compounds in the tissue of fish, various species of sculpin (Cottus sp.) were collected. Sculpin were selected as target taxa because of their benthic behavior and exposure to bottom sediments as well as their ubiquitous distribution throughout both study basins. Up to nine species of sculpin are found throughout the two basins [18, 19] ; all species are benthic predators with similar life histories [25, 26] . We assumed that the similarities among species of sculpin would result in an equal probability of exposure to organic compounds found in the sediments and the water column at all sampling sites. Fish were collected using a battery-powered backpack shocker (Smith-Root, Vancouver, WA, USA; Model 12) and transferred in stainless-steel holding containers to an enclosed mobile laboratory. Each fish was rinsed with native water and weighed (g) and measured for total length (mm). At each site, a minimum of five whole sculpin of similar length and weight were composited for analysis. For each composite, fish were individually wrapped in aluminum foil (dull side toward the fish), combined together in a plastic bag, labeled, and stored on dry ice before shipment to the U.S. Geological Survey's National Water Quality Laboratory in Arvada, Colorado, USA. Once at the lab, all samples were stored at Ϫ15ЊC. Additional details on tissue sampling procedures are in Crawford and Luoma [27] .
Five to 10 samples of surficial streambed sediment (upper 2 cm) were collected from depositional zones along each study reach and composited for organic compound analysis according to guidelines established by Shelton and Capel [28] . Individual depositional samples were collected from multiple microhabitats, which included pools, riffles, and runs. A composite sample of sediment from multiple habitat types within each study reach was collected for analysis because it provides the best assessment of organic compounds in a stream compared to a single sample. Samples were collected with a glass beaker during low-flow conditions. Each sample was homogenized in a glass bowl with a Teflon spatula. The homogenized sample was passed through a 2.0-mm stainless-steel sieve and collected in a glass sample jar with a Teflon (PTEE) lined lid. Each jar was labeled, packed in wet ice, and shipped by overnight carrier to the National Water Quality Laboratory. Once at the lab, excess water above the sediment layer was carefully decanted, and each sample was stored at Ϫ15ЊC. Before and after visiting each sampling site, all sampling equipment was washed and soaked in 0.2% phosphate-free detergent and rinsed with deionized water and residue-grade methanol. After the final rinse with methanol, each piece of sampling equipment was wrapped in aluminum foil and stored in a plastic container.
Laboratory analysis
Sediment and tissue samples were analyzed for organic compounds and total PCBs at the National Water Quality Laboratory. Whole-fish composites for each sampling site were homogenized at the lab. Samples were extracted for a minimum of 8 h with dichloromethane using a Soxhlet extractor. Extracts were cleaned using gel-permeation chromatography and fractionated using alumina/silica adsorption chromatography. Extracts were analyzed using a programmed dual capillary-column gas chromatography with electron-capture detection. Total PCB concentrations were based on a comparison of PCBs in the collected samples to standards containing a 1: 1:1 mixture of Aroclor 1242, 1254, and 1260 (Monsanto, St. Louis, MO, USA). Minimum reporting levels and a list of analytes are shown in Table 2 . The minimum reporting levels for each compound were set above the minimum detection limits to reduce the probability of a false-positive detection to Table 2 . Organochlorines and total PCBs analyzed in whole sculpin tissue (g/kg, wet wt) and streambed sediment (g/kg oc , dry wt) composites, less than 1%. The minimum detection limits for each compound were determined on the basis of the methods outlined by the U.S. Environmental Protection Agency (U.S. EPA) [29] . Sample preparation and analysis details and minimum reporting level determinations are provided in Foreman et al. [30] and Leiker et al. [31] . Laboratory quality assurance samples were used to estimate the quality of the analytical data, to determine the need for internal laboratory corrective action, and to interpret results after corrective action procedures were implemented. Laboratory quality control included lab blanks, surrogate recovery spikes, and reagent spikes. Lab blanks help identify the presence of contamination during preparation and analysis in the laboratory. Surrogate recovery spikes help verify analytical method performance by recovery of surrogate compounds in a particular matrix. Reagent spikes help verify the accuracy of an analytical method for each set of samples. On the basis of laboratory quality assurance procedures, no contamination of samples was observed while at the lab, and analytical methods were at acceptable levels for all samples.
Data analysis
A one-way analysis of variance was used to determine whether a significant difference existed in the total number of organochlorine pesticides and total PCBs detected by summary land use categories identified in Table 1 . Logistic regression was used to determine those land use categories and their coefficient values that best predicted the probability of detecting specific organochlorine pesticides or total PCBs in fish tissue or streambed sediment. Logistic regression, used extensively in the medical sciences, has more recently been used in the environmental field to detect those factors responsible for a binary outcome [32, 33] . Although similar to linear regression, logistic regression requires binary dependent data rather than continuous data. To convert continuous data on concentrations of specific individual organochlorine compounds or total PCBs to binary data, we assigned a value of one to all sites where that compound was measured above the minimum reporting level in either tissue or sediment for that site. Sites where that compound was not detected were assigned a value of zero. The form of the logistic regression model is as follows:
where P ϭ the probability that a specific organochlorine compound or total PCBs is present in a detectable concentration, X n ϭ a vector of independent explanatory variable values such as percentage urban or agricultural land use, b 0 ϭ an intercept parameter, and b n ϭ a slope coefficient value associated with a specific explanatory variable. A more detailed discussion of logistic regression can be found in Hosmer and Lemeshow [34] and Helsel and Hirsch [35] . Using an iterative procedure, the SYSTAT statistical analysis computer software program [36] calculates values for b 0 and all b n values that maximize the likelihood function, l
where m ϭ the number of observations in the data set and y i ϭ the outcome variable that is set to 1 when a specific organochlorine or total PCBs in fish tissue or streambed sediment is present.
We calibrated four logistic models for each compound that had five or more detections. Each model was based on a different set of independent explanatory variables, which included percentage urban land use, percentage agricultural land use, percentage urban land use and percentage agricultural land use (two-variable model), and the summation of percentage urban and percentage agriculture land use. Land use percentages from Table 1 were used as independent variables in all models.
The evaluation of a logistic regression equation is similar to that of linear regression. We used a t ratio to evaluate the significance of coefficient estimates in all models. To test the hypothesis that all coefficients except the intercept are zero, we used an overall likelihood-ratio test, which can be interpreted much like an F test in linear regression. An adjusted generalized coefficient of determination (R 2 ) was also used to evaluate each model [37] . The adjusted R 2 used in this study is consistent with classical adjusted R 2 values used in linear regression. It is asymptotically independent of sample size, ranges between zero and one, and can be interpreted as the proportion of explained variation.
To statistically compare simple (one independent variable) and complex (two independent variables) nested models for each compound, we calculated a partial likelihood ratio as follows:
where l c ϭ the log likelihood of the complex model (i.e., percentage urban land use and percentage agricultural land use) and l s ϭ the log likelihood of the simple model (i.e., percentage urban land use). The partial likelihood ratio is approximated by a chi-square distribution with the number of degrees of freedom equal to the number of additional independent variables in the more complex model [35] .
To compare nonnested logistic regression models (i.e., percentage agricultural land use versus the summation of the percentage urban and percentage agricultural land use), Akaike's Information Criteria (AIC) was calculated for each model as follows:
where l ϭ the log likelihood and k ϭ the number of independent variables.
The AIC includes both a measure of model error (l) and a penalty for too many explanatory variables (k). Better models have a lower AIC value [34, 35] . This test assumes that both models use the same set of observations.
RESULTS AND DISCUSSION
Occurrence of organochlorine pesticides and PCBs in bed sediment and sculpin tissue
Of the 30 organic compounds analyzed, 14 were detected in both tissue and sediment samples collected at the 30 sampling sites (Tables 3 and 4) . Three detected compounds were unique to a particular medium. These compounds were heptachlor epoxide, oxychlordane, and pentachloranisole in tissues and endosulfan, o,pЈ-dichlorodiphenyldichloroethane (DDD), and p,pЈ-methoxychlor in sediment (endosulfan was analyzed only in sediment).
The concentrations of organochlorine pesticides and total PCBs observed in sculpin tissues were generally similar to those observed in other large-scale studies [8] . With a few exceptions, concentrations of most compounds in tissue samples were below the national compound-specific geometric means observed in 1984 by Schmitt et al. [8] . Those compounds that exceeded the 1984 geometric means included oxychlordane, cis-chlordane, and total PCBs at one site each; trans-nonachlor at two sites; and p,pЈ-DDT at three sites. Total PCB and p,pЈ-DDT concentrations in tissue samples collected from the Puget Sound basin were comparable to earlier studies conducted in the basin [19] . Contaminant concentrations observed in tissues collected in the Willamette basin were also comparable to levels observed in previous studies in that basin [18, 38] .
Generally, compounds detected in sculpin tissue were also detected in streambed sediments. The exception to this observation was the three compounds that were detected only in either tissue or sediment samples. For those compounds detected in both media, the frequency of detection was always higher in fish tissue (Fig. 2) . The most commonly detected compound in both tissue and sediment samples was p,pЈ-dichlorodiphenyldichloroethylene (DDE), which was detected at more than 50% of the sites in sculpin tissue and 30% of the sites in streambed sediment. Dieldrin, trans-nonachlor, and p,pЈ-DDT were detected in sculpin tissues at 33, 37, and 30% of the sites, respectively. The frequency of detections in this study is similar to those observed in other national studies [7, 8] . In the Schmitt et al. [8] and the U.S. EPA [7] studies, p,pЈ-DDE was the most commonly detected organochlorine in fish tissue. Similar to our study, dieldrin, cis-and trans-chlordane and nonachlor, and p,pЈ-DDT were also frequently detected in the Schmitt et al. [8] and the U.S. EPA [7] studies.
The largest number of organochlorine pesticides and total PCBs detected in both sculpin tissue and streambed sediments occurred at the urban sites (Fig. 3) . In addition, concentrations of all compounds found in tissues and most compounds found in sediments were highest at the urban sites (Tables 3 and 4) . No organochlorine pesticides or PCBs were detected at either of the reference sites in either the tissue or the sediment samples. At our forest practice (forested land use) sites, p,pЈ-DDT and p,pЈ-DDE were the only two compounds detected in either tissues or sediment (Tables 3 and 4) . The number of compounds detected in sculpin tissue was significantly higher at the agriculture or urban sites than at the forested and reference sites (analysis of variance, F ϭ 22.4, p Ͻ 0.001). However, no significant difference was observed in the number of compounds detected in sediment among land use categories. Morris et al. [39] suggest that the temporal and spatial variability in the delivery and sorting of the bed material of rapidly flowing rivers may make it difficult to assess organochlorine compounds in this medium. In addition, the variable composition of sediments entering stream systems throughout the Puget Sound and Willamette basins can affect the rate of sorption and desorption [40] . Conversely, aquatic biota are extremely efficient at accumulating periodically delivered organochlorine pesticides and PCBs [27, 41] .
Predicting the probability of detecting organochlorine pesticides and PCBs in sculpin tissue
To determine the probability of detecting specific organochlorine pesticides or total PCBs in sculpin tissue or streambed sediments, we used logistic regression to create models relating percentage land use type and the detection or nondetection of these compounds. The following independent explanatory variables were considered for each compound with five or more detections: percentage urban land use, percentage agricultural land use, percentage urban land use and percentage agricultural land use, and the summation of percentage urban and percentage agricultural land use. Table 5 shows regression coefficients and statistics for all significant one-and two-variable models generated for predicting the probability of detecting an organochlorine compound or total PCBs in sculpin tissue. Method reporting limits were consistent for all samples used in each of the presented models.
As expected, a positive relation was found between the probability of detecting organochlorine pesticides and total PCBs in sculpin tissue and the percentages of various land uses (Fig. 4) . In all cases except for p,pЈ-DDD, the positive relations were significant. The best models for predicting the probability of detecting dieldrin-cis-and trans-nonachlor, p,pЈ-DDE, p,pЈ-DDT, and cis-and trans-chlordane-in sculpin tissue on the basis of AIC comparisons all included the summation of the percentage urban and percentage agricultural land use as the independent explanatory variable ( Table 5 ). The R 2 values for these seven models ranged from 0.41 for trans-chlordane to 0.81 for dieldrin ( Table 5 ). The strength of the logistic models can also be seen in Figure 4 . Those models 
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Compound was not detected. with a more pronounced S shape (e.g., dieldrin) have a higher R 2 value and have greater predictive power. The S shape of the logistic function is also ideally suited for examining breakpoints or thresholds in land use characteristics that result in specific probabilities of a nondetection or detection of various compounds in sculpin tissue. For example, the dieldrin model exhibits distinct land use threshold values at 46 and 71% total urban and agricultural land use (Fig. 4) . These two thresholds correspond to a 5 and 50% probability of detecting dieldrin in sculpin tissue. The 50% threshold of detecting dieldrin in sculpin tissue identifies the steepest location on the logistic function or the point at which the probability of detecting dieldrin is changing most rapidly. Both of these threshold values may be of particular value to managers and scientists interested and working in a basin. Generally, for each compound, specific land uses above 60% resulted in a 50% probability of detecting or not detecting that compound in whole sculpin tissue (Fig. 4) .
A number of outliers can be seen in Table 5 .
Creek site were consistently outliers. Organochlorines were rarely observed in the tissues of sculpin found at this site (Table  3) . Although the watershed upstream of this sight was dominated by agricultural land use, the immediate area surrounding the sampling site was dense forest with a well-established riparian zone. It is possible that the riparian zone around the sampling site helped buffer the input of contaminants. The Sandy River site is dominated by forested land use, but tissue samples collected at this site had detectable levels of p,pЈ-DDE and p,pЈ-DDT (Table 3) . Like the Bertrand Creek site, local factors may be the reason for the organochlorine detection pattern observed at this site. In either case, we do not have enough information to justify discarding these outliers or any others, but we should be aware of them. Historically, dieldrin, DDT, and chlordane were used extensively in both agricultural and urban settings to control insects [7] . Thus, it is not surprising that knowing the percentage of both of these land uses is useful for predicting the presence of these compounds in sculpin tissue. The probability of detecting cis-and trans-nonachlor and p,pЈ-DDE in sculpin was also statistically related to the summation of percentage urban and percentage agricultural land use (Table 5) . Nonachlor, cis and trans, is an impurity in the insecticide chlordane and heptachlor [7] , whereas p,pЈ-DDE is a breakdown product of DDT. It can be speculated that the relations between detecting these compounds in sculpin tissue and the summation of percentage urban and percentage agricultural land use is the result of historical uses of chlordane, heptachlor, and DDT in both of these land uses. Although none of these compounds is currently being used in either basin, it is likely that the presence of these compounds in sculpin is the result of sediment erosion originating from either urban or agricultural land uses. It has been shown that sediments located in areas with specific land uses can serve as reservoirs for organochlorines bound to these sediments [42] . When sediment erosion occurs, these contaminated soils are transported into aquatic systems [43, 44] . Once in the stream environment, benthic organisms such as sculpin are exposed to the contaminated sediments. Although sediment may be the main source of organochlorines in aquatic systems, atmospheric inputs may also contribute small amounts [45] .
Total PCBs was the only compound that was significantly correlated exclusively with the percentage of urban land use (Fig. 4 and Table 5 ). The addition of percentage agricultural land use produced a higher R 2 value, but the coefficient estimate for percentage agriculture was not a significant predictor of the presence or absence of total PCBs in sculpin tissue. On the basis of the R 2 value, the logistic model for total PCBs showed a high correlation between percentage urban land use and the probability of detecting this compound in sculpin tissue ( Table 5 ). The statistically significant relationship between percentage urban land use and the probability of detecting PCBs in fish tissue was not surprising. It was one of only four compounds detected in either sculpin tissue or sediment that occurred exclusively in areas dominated by urban land use (Tables 3 and 4). The PCBs were used mainly in industrial settings as a dielectric fluid, lubricant, and solvent.
Regression analysis results for detecting organochlorine pesticides and PCBs in streambed sediment
Of the four independent explanatory variables considered, none produced a model capable of significantly predicting the probability of detecting organochlorine pesticides or total PCBs in streambed sediment. It has been suggested that onetime sampling of streambed sediments may be an ineffective way of sampling organochlorines and possibly PCBs [4, 39] . Contaminated streambed sediments can be scoured and continually resorted with cleaner sediments, resulting in a possible dilution of more contaminated sediments. The continual and variable nature of sediment loading, resorting, and dilution may explain why we detected so few contaminants at each of our sediment sampling sites and why we were unable to produce any significant logistic models.
Fish tissue (sculpin) vulnerability
On the basis of the models presented in this study and the abundance of streams flowing through watersheds dominated by urban and agricultural land uses, it is likely that sculpin in many of the low-elevation streams in the Puget Sound and Willamette basins are contaminated with organochlorine pesticides or PCBs. As an example, Figure 5 displays the probability of detecting trans-nonachlor in sculpin at a number of sites throughout the Puget Sound basin. Although we used trans-nonachlor for this example, similar trends would be observed for all compounds with significant logistic models. The probabilities presented in Figure 5 were generated by calculating the percentage of urban and agricultural land use upstream of each site and then calculating the probability of detecting trans-nonachlor using the coefficients in Table 5 and Equation 1. It is apparent from Figure 5 that sculpin in smaller streams originating in the Puget Sound lowlands have a high probability of having trans-nonachlor in their tissue. Many of the small Puget Sound lowland streams drain watersheds dominated by urban or agricultural land uses. Sculpin in streams located at higher elevations or in low-elevation streams located in watersheds dominated by forested land use have a much lower probability. Sculpin found at the mouths of large rivers draining into the Puget Sound have a very low probability of having trans-nonachlor in their tissue. Although many of the large rivers draining into the Puget Sound pass through urban and industrial areas, forested land use dominate their watersheds. We suspect that the abundance of high-quality water originating from the headwaters of many of the larger rivers [21] helps dilute any potential contaminants originating from these urban areas, thereby reducing the probability of detecting contaminants in sculpin. Maps of this type, and the models used to generate them, should help resource managers and scientists identify those streams most likely to have organochlorine pesticides and PCBs in fish tissue. Although the models developed to predict the probability of detecting organochlorine pesticides or PCBs in fish tissue on the basis of land use percentages were statistically significant, they were developed on the basis of composite samples of a single fish species from streams located in two basins with similar but unique characteristics. The results of the logistic regression modeling are also dependent on laboratory detection limits; higher or lower limits would alter the models. Finally, we were unable to validate our models, given the small size of the data set. Given the limitations under which the models in this study were developed, these models should be used with caution. Nevertheless, they may provide a means by which resource managers or scientists can screen or assess the probability of detecting contaminants in fish tissues at various locations with similar basin sizes within the Puget Sound and Willamette basins.
CONCLUSIONS
Although the use of organochlorine pesticides and PCBs has been discontinued in the United States, our study indicates that they are still found in aquatic systems at levels that may be of concern to aquatic organisms. In some cases, compounds observed in fish tissue in our study were above median concentrations observed in other studies conducted at a national scale [8] . Our study also identified a significant relation between land use and the detections of organochlorine pesticides and PCBs in the tissue of sculpin. Logistic regression models were developed out of these relations to predict the probability of detecting organochlorine pesticides or PCBs in sculpin tissue on the basis of land use percentages. Although we are aware of the limitations of these models, we believe that the models and approach used to create them may be of benefit to resource managers and scientists. A similar relation was not observed for streambed sediments. We suspect that continual scouring and resorting of streambed sediments and possible dilution of the more contaminated sediments with clean sediment may be why we were unable to identify any relations with land use. Our findings suggest that future studies should continue to evaluate the relation between land use and the detection of organochlorine pesticides and PCBs in aquatic organisms.
